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Abstract

v

Background: L[4-L5 disc herniations can be
treated with percutaneous endoscopic lumbar
discectomy (PELD) using a transforaminal pos-
terolateral approach. Although PELD has some
distinct advantages over conventional open dis-
cectomy, inadequate decompression is a major
cause of failure of the procedure, especially with
high-grade migrations. The objective of this tech-
nical note is to present a new surgical approach
for treating high-grade, down-migrated, L4-L5
disc herniations through an L5-S1 interlaminar
endoscopic approach.

Method: This technical report presents 4
consecutive patients with high-grade, down-
migrated, L4-L5 disc herniations, who were
treated with PELD through an L5-S1 interlaminar
approach under local anesthesia and conscious

sedation. All patients were evaluated clinically
using both the visual analogue scale (VAS) for
back and leg pain and the Oswestry disability
index (ODI) and radiologically using MR imaging
postoperatively.

Results: All 4 patients experienced improve-
ment in their preoperative symptoms and signs
immediately postoperatively. The mean VAS
scores for back and leg pain improved from
3.75 to 1.75 and from 8.5 to 0.75, respectively.
The mean ODI score improved from 65% to 3%.
Postoperative MR imaging also depicted L5 root
decompression. There were no complications
during the procedure.

Conclusion: This technical note presents a
new technique for treating high-grade, down-
migrated, L4-L5 disc herniations with PELD using
an L5-S1 interlaminar approach.

Abbreviations

v

LDH lumbar disc herniation

PELD percutaneous endoscopic lumbar
discectomy

PELH percutaneous endoscopic lumbar
herniectomy

Introduction

v

Minimally invasive spine surgery (MISS), with a
focus on preserving normal spinal anatomy, is
gradually replacing the traditional open lumbar
discectomy that requires laminectomy or lami-
notomy. Percutaneous endoscopic lumbar dis-
cectomy (PELD), a minimally invasive spine
surgical procedure developed and popularized by
pioneers such as Hijikata, Kambin, Yeung and
others, has become a versatile minimally invasive
spine surgical procedure for treating lumbar disc

herniations [1-4]. Originally, it was devised to
treat only contained lumbar disc herniations
(LDH). With growing experiences and advances
in technology, the spectrum of PELD is gradually
expanding day by day with some of the contrain-
dications of the past now becoming the indica-
tions of the present [2,5-14]. Modern endoscopic
surgeons are able to deal with a non-contained
extruded disc, a migrated disc, or even a seques-
trated disc through a transforaminal posterola-
teral endoscopic approach, as described by
Kambin et al. [2], using local anesthesia. Patients
with extraforaminal LDH, LDH with foraminal
narrowing, a difficult L5-S1 level, or a high iliac
crest can now be treated with PELD [8,14-16].

Recently, Choi etal. [15] reported successful
results after treating patients with a difficult L5-
S1 level (due to a high iliac crest and narrow
transforaminal area) and intracanalicular disc
herniations with L5-S1 interlaminar PELD, using
a rigid working channel endoscope. At our insti-
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tute, we prefer to use the term percutaneous endoscopic lumbar
herniectomy (PELH) instead of PELD, because we remove only
the herniated mass without the central nucleus material. In spite
of this advantage, PELH has some limitations; migrated disc her-
niations are still considered technically demanding to treat. The
failure of PELH is largely attributable to inadequate decompres-
sion due to the presence of remnant fragments/fragments, which
are more common in patients with high-grade disc herniations
as described by Lee et al. [17]. They concluded that in a patient
with high-grade disc migration, open lumbar microdiscectomy
instead of PELD is often indicated. They also suggested the lower
border of the pedicle as the limit, as migration beyond this limit
usually is associated with a high failure rate.

In this technical report, we present a new approach for treating
high-grade, down-migrated, L4-L5 disc herniations with a per-
cutaneous endoscopic approach in which a rigid working chan-
nel endoscope is passed through the L5-S1 interlaminar space.
Our aim is to present this technique as an option for treating the
L4-L5 down-migrated disc using PELD and to report clinical as
well as radiological results after a minimum follow-up period of
2 years.

Patients and Methods

v

Four consecutive patients (3 males and 1 female) with high-
grade, down-migrated, L4-L5 disc herniations were treated with
L5-S1 interlaminar PELH between March and September, 2007.
The selection criteria included: 1) L5 radiculopathy that was
non-responsive to brief conservative treatment (we could not
follow a longer conservative treatment plan due to the severity
of the pain); 2) MR imaging suggestive of a high-grade, down-
migrated L4-5 disc (the disc was considered high-grade migrated
if the extent of the migration was greater than the measured
height of the posterior marginal disc space on the T,-weighted
sagittal MR, as described by Lee et al. [17]); and 3) The existence
of a wide interlaminar window at the L5-S1 level (to lodge the
working cannula of the endoscope into the interlaminar space, a
7-mm wide superior-inferior interlaminar space on the AP view
was considered the minimum allowable width). The patients
who showed signs of cauda equina syndrome, significant bony
stenosis, and/or segmental instability were excluded from this
procedure.

The preoperative and postoperative evaluations included: 1) a
thorough clinical examination (straight leg raising [SLR], motor
and sensory evaluation), 2) assessment of leg and back pain with
the visual analogue scale (VAS), 3) assessment of functional dis-
ability with the Oswestry disability index (ODI), 4) charting, and
5) radiological evaluation (lumbo-sacral spine AP/lateral/
dynamic view radiographs, MRI, and CT). Postoperatively, all
patients were subjected only to MR imaging to confirm the ade-
quacy of decompression or to locate remnants of fragments.

Surgical technique

In general, the surgical technique is not very different from that
described in a previously published article on the L5-S1 inter-
laminar approach [15]; however, this is considered as an
extended use of this technique due to the advantageous patho-
anatomic features of a high-grade, down-migrated L4-L5 disc
that make the surgery possible.

After administration of prophylactic antibiotics, the patient was
placed in the lateral decubitus position with the affected side

facing upwards. Conscious sedation was induced with mida-
zolam (Roche Korea, Seoul, Korea) (3ug intramuscularly) and
fentanyl (Hana Pharm, Seoul, Korea) (50ug intravenously),
because continuous feedback from the patient is very important
for avoiding insult to the neural tissues. To reach the safest area
at the shoulder of the S1 nerve root, the skin entry point was
decided preoperatively based on the axial MR image. The skin
entry point and the tract were infiltrated with 1% lidocaine. The
skin entry point was generally slightly caudal to the L5-S1 disc
space. From the skin entry point, one 18-gauge needle was tar-
geted at the most lateral area of the interlaminar space, as visu-
alized with the fluoroscope on the AP view. After confirming the
needle location with an epidurogram, an epidural block was
given with about 10 mL of 1% lidocaine after aspiration to avoid
vascular infusion. The silhouette of neural structures on the epi-
durogram helps to identify the safe zone for accurate cannula
insertion. Through a 0.5- to 0.7-mm skin incision, the guidewire
was then inserted through the needle followed by sequential
dilatation of the tract (the ligamentum flavum is not excised, it
is just split through the sequential dilatation). Dilation of the
tract up to 6mm was required to accommodate the cannula
through which the endoscope (YESS; Richard Wolf, GmbH, Knit-
tlingen, Germany; a 20 degree scope with a 2.7-mm working
channel) was inserted with a continuous inflow of normal saline
with antibiotics. To reach the down-migrated L4-L5 fragment,
the angle of the working channel was maintained slightly more
caudocephalic (targeting the L5 pedicle on the lateral fluoro-
scopic image) than the angle used in the standard interlaminar
approach for L5-S1 disc herniations. From the shoulder area of
the S1 nerve root, it was possible to reach the down-migrated
fragment, which was mostly found in the axilla of the L5 nerve
root (¢ Fig. 1). The round-ended cannula protected the sur-
rounding neural structures. After identification of the herniated
mass, herniectomy was performed using various grasping for-
ceps, the side-firing holmium-YAG laser (Lumenis, Inc., New
York, NY), and the Ellman flexible tip radiofrequency (RF) probe
(Trigger-Flex, Ellman International Inc., Oceanside, NY) attached
to a high RF generator (Surgitron, Ellman International Inc.),
under continuous irrigation with antibiotic-impregnated normal
saline. The flexible tip of the Ellman RF probe can be used for
hemostasis and also for tissue dissection. The L5 exiting root
was visualized along its course to confirm adequate decompres-
sion (© Fig. 2). After removal of the scope, a single stitch was
used to close the skin incision and a sterile dressing was
applied.

Results

v

Preoperatively, all of the patients had severe leg and back pain
and were not able to walk or stand for more than 5min. Two
patients had great toe weakness (Grade III). One of our patients
had a disc that - along with a down-migrated fragment - caused
significant paramedian compression of the L5 root at the L4-L5
disc level (¢ Fig. 3, © Fig. 4). This patient refused open surgery,
hence, was subjected to L4-L5 transforaminal PELH for the para-
median decompression and L5-S1 interlaminar PELH for removal
of the down-migrated disc fragment.

Postoperatively, all 4 patients were mobilized during the evening
of the same day and were subjected to a physiotherapy protocol.
The immediate postoperative evaluation included a physical
examination with performance of the straight leg raising test,
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Fig. 1  Anillustrative sketch of the treatment of a
down-migrated L4-L5 disc herniation through the
L5-S1 interlaminar approach using the percutane-
ous endoscopic lumbar herniectomy technique.

Fig.2 alntraoperative endoscopic view
showing a blue-stained migrated disc fragment.

b Intraoperative endoscopic view after removal of
the herniated and migrated fragment. It shows a
decompressed exiting L5 root (12 o’clock to

2 o’clock position).

neurological examination, and MR imaging. All 4 patients were
relieved of their preoperative subjective and objective symptoms
and signs, respectively, without any neurological deterioration.

VAS and ODI scores showed significant improvements between
the preoperative and postoperative assessments (¢ Table 1).
The mean VAS score for back pain improved from 3.75 to 1.75,
while that for leg pain improved from 8.5 to 0.75. The mean ODI
score improved from 65% to 3%. Postoperative MR findings also
corroborated the clinical findings that documented the decom-
pression of the L5 nerve root. There were no complications dur-
ing the surgical procedure, and the mean operative time was
106 min. All patients were discharged the next day with oral
antibiotics. All patients returned to work within 2 weeks of the
surgery. Recent follow-up after a minimum 2-year period

revealed that none of the patients had experienced recurrence
or segmental instability of the affected or adjacent segments.

Discussion

v

In 1975, Hijikata was the first to perform a percutaneous discec-
tomy [1]; however, posterolateral endoscopic transforaminal
surgery to optimize the route to the spinal canal under continu-
ous visualization has been performed since the late 1990s [18].
Since then, there have been many modifications reported for the
treatment of various types of disc herniations with percutane-
ous endoscopy. Some of the contraindications of the past are
now the indications of the present [8,13-16]. The universal
experience with percutaneous endoscopy offers favorable out-
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Fig. 3 Preoperative T,-weighted MR scans obtained in the 4 patients.

comes for soft disc herniations [3,4,17-20]. Moreover, because
it is a procedure performed under local anesthesia, the postop-
erative rehabilitation is very rapid and smooth. Microdiscectomy
currently constitutes the standard treatment for herniated lum-
bar discs. Thome et al. compared the early outcomes and rates of
recurrence of sequestrectomy and microscopic discectomy in 84
patients with extruded or migrated lumbar discs. Sequestrec-
tomy does not seem to entail a higher rate of early recurrences
compared with microdiscectomy. Analysis of early outcomes
demonstrated a trend toward superior results when sequestrec-
tomy was performed, presenting sequestrectomy as an advanta-
geous alternative to standard microdiscectomy [21]. Similarly,
we have started preferring the term PELH to PELD, as the sur-
geons at our institute remove only the herniated mass, never the
intradiscal nucleus material. The present new technique per-
formed through an L5-S1 interlaminar approach is a simple
herniectomy for a down-migrated L4-5 disc, and the results are
comparable to those obtained with microdiscectomy.

L4-L5 disc herniations are conveniently accessed through the
standard transforaminal approach except in patients with a very
high iliac crest. However, difficulty in achieving adequate resec-
tion of herniated discs within the spinal canal cannot always be
excluded [17]. The osseous perimeter of the foramen, the pedi-
cle, and the exiting nerve can limit the working mobility and
excision of dislocated or migrated herniated material. According
to Lee et al. [17], patients with high-grade migrated discs have
less favorable outcomes than those with near-migrated or non-
migrated discs treated with conventional transforaminal PELD.
In this series, all of the patients had high-grade, down-migrated
L4-5 discs, as per described by Lee et al. [17]. There is no consen-
sus as to the degree of migration that can be removed using cur-

Fig. 4 Postoperative MR scans obtained in the 4 patients.

rent endoscopic instruments through the standard approach. In
the literature, the accessible boundary is accepted as the mid-
pedicle level of the lower body in downward migration [17].
Hence, in the present patients, it was not possible to treat them
with the conventional transforaminal approach. To reach the
migrated fragment, the interlaminar approach may require
removing a much larger portion of the L5 upper lamina than the
portion removed during routine operations for non-migrated
disc herniations, even with an open procedure. Choi et al. [22]
reported excellent outcomes after treating 59 patients with
high-migrated intracanal disc herniations with the foramino-
plastic technique. However, in using this technique, especially
for a down-migrated disc, removal of the undersurface of the
articular process using a drill is necessary, which increases the
width of the foramen and exposes the anterior epidural space.
However, with our technique, there is not much need to remove
bony structures, thus, avoiding possible instability. Additionally,
it can be done under local anesthesia, which is the most impor-
tant advantage of our technique. Moreover, our technique is also
easily possible to perform in a patient with a high iliac crest, as a
high iliac crest does not interfere with this interlaminar
approach.

The various, atypical, anatomic features of the L5-S1 interlami-
nar space, as described by Choi et al. [15], make the described
approach possible. There is less laminar overhang of the L5 ver-
tebra, and the L5-S1 interlaminar space is the largest space com-
pared to those at other lumbar levels. The interesting peculiarity
of the L5 lamina is evident in the coronal plane, where it slopes
backwards and downwards. This helped us to angle our working
channel more caudocranially to reach the down-migrated L4-L5
disc fragment. We believe that a prerequisite for this approach is
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Table 1 Pre- and postoperative VAS score for leg pain and back pain and
Oswestry disability index (ODI).

Patient 1 Patient2  Patient 3 Patient 4
preoperative VAS 8 8 9 9
(Leg pain)
postoperative VAS 1 1 1 0
(Leg pain)
preoperative VAS 4 5 3 3
(Back pain)
postoperative VAS 2 0 3 2
(Back pain)
preoperative 50 60 72 78
ODI (%)
postoperative 2 6 2 2
ODI (%)

a sufficiently wide L5-S1 interlaminar space (as mentioned ear-
lier, the minimum is a 7-mm space on the AP view). Caudocra-
nial angulation of the cannula can be easily accommodated by
the oblique nature of the L5 laminae. Patients with a large inter-
laminar space can be managed through this approach without
the need for a separate L4-L5 transforaminal approach for para-
median decompression. In patients with a relatively small inter-
laminar window, the transforaminal route at the index level is
necessary for paramedian decompression. In our experience, a
high-grade, down-migrated L4-L5 disc is generally located in
the axilla of the L5 nerve root. Therefore, an approach through
the shoulder region of the S1 nerve root at the L5-S1 interspace
can lead us to the herniated mass located at the axilla of the L5
nerve root. The L5 nerve root is generally abated with the L5
pedicle by compressing the axillary migrated disc fragment,
making the angle of the L5 root with the thecal sac wider and
safe for endoscopic maneuvering. However, the characteristics
of the high-grade down-migrated disc make the L4-L5 interlam-
inar approach, as described by Reutten et al. [6], very difficult.
This approach requires the shoulder area of the L5 nerve root,
which is compromised due to the displaced L5 nerve root; this
makes the L5 nerve root more vulnerable to injury if this
approach is attempted. In contrast to this, the L5 axillary mass,
which has reached up to the L5 interior endplate, also displaces
the S1 nerve root that has already emerged from the thecal sac
[23,24] more towards the thecal sac and enlarges the safety zone
at the shoulder region of the S1 nerve root. Furthermore, gradual
dilatation of the S1 shoulder area protects the exiting L5 and tra-
versing S1 nerve roots. Due to the wide interlaminar space and
expanded safety zone, we could reach almost beyond the mid-
pedicle level of the L5 vertebra through the L5-S1 interlaminar
space.

The important characteristic of this approach besides the advan-
tages of a percutaneous procedure [15] is the dilatation of the
natural barrier of the ligamentum flavum to reach the epidural
space; on removal of the instruments, the ligamentum flavum
falls back to seal the entry due to its inherent elasticity. This bar-
rier prevents, as described in the literature [25,26], postopera-
tive peridural and perineural fibrosis. Kast et al. recently reported
that the competence of the fibrous ring significantly influenced
the success of a simple sequestrectomy compared with conven-
tional microdiscectomy in their patients. There was a compara-
bly low number of recurrences in both groups, which was
probably due to the consequent selection of patients for seques-
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trectomy according to well-defined criteria [27]. We also empha-
size that for the L4-L5 down-migrated disc, this new technique
should be restricted to only those patients who require only
sequestrectomy. Recently, Papavero et al. reported surgical suc-
cess using a microsurgical translaminar approach in preserving
the integrity of almost all structures of the spine in 104 patients
with upward-migrated disc lesions compressing the root above
the level [28]. Similar to Papavero et al., our technique specifi-
cally demonstrated successful results in the treatment of down-
migrated L4-5 discs, while preserving the integrity of all
structures of the spine. Indications for our technique are thus
different from those for their technique, but the techniques are
based on the same principle and offer similar clinical benefits.
The disadvantages of this approach, similar to those associated
with conventional PELD, are the steeper learning curve, expen-
sive inventories, radiation exposure, and theoretical possibility
of damage to neural structures [15]. In addition, the prerequisite
for this procedure is a wide interlaminar L5-S1 space. When
using the interlaminar approach, resection of the intradiscal
nucleus material is frequently constrained because of the diver-
gent level between the interlaminar window and the interverte-
bral space. Reutten etal. [29] reported a 6% recurrence rate
when the endoscopic interlaminar approach was used for selec-
tive fragmentectomy; however, the recurrence rate was lower
than that for conventional selective fragmentectomy for L5-S1
disc herniation [30-33]. Our first 4 patients did not experience
any recurrence during the minimum 2-year follow-up period;
however, we need a longer follow-up period with a larger patient
database to determine the recurrence rate for down-migrated
L4-L5 discs treated through the L5-S1 interlaminar approach.
This approach makes treating the complicated, high-grade,
down-migrated L4-L5 disc simpler and safer and also provides
satisfactory results. Systematic and detailed preoperative plan-
ning, orientation with the lumbar canal anatomy, and experi-
ence with the procedure can surely avoid unwanted
complications.

Conclusion

v

Percutaneous endoscopic L5-S1 interlaminar discectomy with a
rigid working channel endoscope for the treatment of high-
grade, down-migrated, L4-L5 disc herniations can be a safe,
effective, and minimally invasive procedure in patients with a
wide L5-S1 interlaminar space.
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interest regarding the publication of this manuscript.
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